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FOREWORD

The research described in this report was authorized under
Task 1A012501B02802, Basic Research in Life Sciences, Chemical.
Th1e work was conducted between June 15 and August 15,, 1965. The-
experimental data are contained in Notebook 3763.
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DIGEST

The over-all purpose of the research discussed in this
report is to determine the feasibility of detecting biologically
active agents by their initiation of the depolymerization of
certain polymers in a rapid unzipping chain mechanism. Continued
work on polymers of n-heptaldehyde has been done, since preliminai'y
results indicated that these polymers were promising for use in.
detection. The uncapped type of polymer is far less stable than
the capped type, and the unzipping of the latter might be initiated
by the destruction of capping groups by biologically active agents,
such as phosphorylating compounds.

The earlier preparation of an acetate-capped polymer of hept-
aldehyde has been reDeated successfully. This polymer will be used
in later, more extensive characterization studies, but it has al-
ready been found to have about the same degree of stability at
room temperature in the solid state as the capped polymer investi-
gated previously. Light-scattering and viscosity experiments have
been conducted to gain additional insight on methods to characterize
aldehyde polymers, but further work must be done before definite
conclusions can be drawn from the results thus far obtained. Some
new kinetic studies indicate that the rapid rates of depolymerization
of uncapped polymers observed previously were not due to the effect
of acid and thus probably were essentially a measure of the autode-
gradability of these polymers.
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THE USE OF POLYMER UNZIPPING FOR THE
DETECTION OF BIOLOGICALLY ACTIVE AGENTS

I. INTRODUCTION AND SUMMARY

This is the fifth report on a study to determine the
feasibility of detecting biologically active agents by their
initiation of the chain unzipping of polymers. In contrast to
earlier reports, which covered 3-month periods of work, this
report covers only two months, from June 15 to August 15, 1965.
Between August 15 and October 12, 1965, the work was interrupted
until additional supporting funds could be made available.

Earlier reports have included a discussion of unsuccessful
attempts to synthesize a polyketal by the addition polymerization
of acetone by methods described in the literature, Since our
work on polyacetone was terminated, a new publication on poly-
acetone1 has appeared, and negative results similar to ours are
reported. Thus, the wisdom of our terminating work on polyacetone
appears to be confirmed.

Our earlier reports, especially Report 4 dated August 2, 1965,
presented more promising results on polyacetals made by the
addition polymerization of aldehydes. Most of our work on
aldehyde polymers was done with poly(n-heptaldehyde). Although
yields of this type of polymer were variable, adequate quantities
were obtained for experimental evaluation. The most significant
finding on polymers of heptaldehyde was that uncapped polymers,
presumably with hydroxyl end groups, depolymerize far more
rapidly than a capped polymer with acetate end groups. As a
result of this finding, polyheptaldehyde appeared fairly promising
for the proposed use in detection, which depends on the rapid
depolymerization of a polymer after capping groups have been
destroyed by the agent being detected.

1. V. C. E. Burnop, Polymer 6, 411 (1965).
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Although the depolymerization rates of the uncapped hept-
aldehyde polymers were unequivocally greater than that of a
capped polymer, the rates for the uncapped polymers prepared
by different methods differed considerably. The reason for
the different rates is not known, since adequate methods were
not known for characterizing the relevant properties of the
aldehyde polymers, especially molecular weight.

The work described in the current report included experi-
ments on the determination of the molecular weights of aldehyde
polymers. It also included the synthesis of a new polymer
sample and some new kinetic experiments. The work on methods
for adequate polymer characterizations, such as molecular weight
determinations, will be continued now that additional funds have
been made available for the research.

II. SYNTHESIS OF CAPPED POLYMERS OF n-HEPTALDEHYDE

Report 4 discussed the successful synthesis of an acetate-
capped polymer (3763-72). The steps in this synthesis were: the
polymerization of 0.15 mole of heptaldehyde with 0.0014 mole of
potassium triphenylmethoxide catalyst in hexane at -75OC; the
treatment of the unisolated, uncapped polymer with a mixture of
pyridine and acetic anhydride to convert hydroxyl end groups to
acetate end groups; and finally the isolation and the purification
of the capped polymer by filtering the polymer-solvent mixture,
heating the polymer in tetralin solution to degrade any residual
uncapped polymer, and extracting any remaining impurities with
ethanol in a Soxhlet apparatus.

Virtually the same procedure was followed to prepare
another sample of capped heptaldehyde polymer. The product,
designated 3763-97, represented a 9% yield from the amount of
monomer used; its elementrl analysis was 73.23% carbon and
12.06% hydrogen, in comparison with theoretical values of
73.68% carbon and 12.28% hydrogen (based cn the analysis of
the monomer).

8
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The yield of 3763-97 was only one-half of that of 3763-7?.
At least1 part of the difference is attributable to the longer
extraction time used to purify 3763--97, and the correspondingly
greater amount of this product lost in the solvent. P rt of
the product lost was recovered and subsequently identified as
polyheptaldehyde by its infrared spectrum. This material,
designated as 3763-100, presumably had a lower molecular weight
than 3763-97; and its elemental analysis of 11.66% carbon and
11.97% hydrogen indica-Led that it was less pure.

An unsuccessful attempt was made to prepare a. acetate-
capped polymer by starting the polymerization of the heptaldehyde
monomer with n-butyllithium as the catalyst. Except for the use
of butyllithium in place of potassium triphenylmethoxide, the
procedure followed was the same as the one described above.
Evidently, butyllithium is a relatively poor catalyst for the
polymerization of heptaldehyde, since it previously gave a
relatively low yield of uncapped polymer.

III. CHARACTERIZATION OF POLYMERS OF n-HEPTALDEHYDE

A. Molecular Weights

The determination of the molecular weights of uncapped
polymers of heptaldehyde is complicated by the unstable nature
of these polymers. Consequently, methods of determining
molecular weights of heptaldehyde polymers have thus far been
explored with capped polymers. Work based on light-scattering
and viscosity determinations has been continued.

1. L&ht scattering

Light-scattering data were obtained with a Bryce-Phoenix
photometer for Polymer 3763-72 in two solvents, tetrahydrofuran .
and carbon disulfide, and the results are presented in Figure 1.
The data for tetrahydrofuran solutions were discussed in Report 4,
but the data for carbon disulfide solutions were obtained since

9
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of the Staudinger equvation, [E] IM The constants K and a
inte Staudinger equation should he equally valid fzrcpe

and irncapped polyrers, and they should permit us to calculate
molecular weights of umcaDved rolymers fvran- intrinsic viscositCies.

After Finding a way to evaluate molecular iweights of uncapped
polyrmers, we will then attepDt to develop methods to~ characterize
the enad grous of hept aldehyda toly--es, of both capped and un~capped
typ2es. We do not.6 beli;eve that all end group-s are either acetate
or Ihydr-xyl gromps. since sc-e may he r-esidues of the polymerization
catalyst. To achdracterize end groups, we plan to use both infrared
spectra and che=r1-i:, analyses,

Once we have adea-te =ethods to determ.ine rolecular weights
and characterize end gr'sor iuncaped DolyrI-Iers., we will study the
influen-.*elf~ these -arozezrties in depolyrerization rates. We
believe that differences in one or both of these parorei'ties will
be fdu~d to affect depoly~evizaticin.

We will subsequently canduct detailed studies on depolyrerization
as a fncticoi of ex trinsic factors, such as solven.-t, lighit ,and
-1 XYg9ell

I

17


